Incubating engineers: entrepreneur-student collaboration in the teaching of entrepreneurship to mechanical engineers by Costello, Gabriel J.
1 
 
Incubating Engineers: Entrepreneur-student 
collaboration in the teaching of entrepreneurship to 
Mechanical Engineers 
Gabriel J. Costello 





This paper will provide an example of using student-entrepreneur collaboration in the teaching of a 
module on entrepreneurship to Mechanical Engineering final year students at the Galway-Mayo 
Institute of Technology (GMIT) based in Ireland. Problem-based learning is one of the most significant 
recent innovations in the area of education for the professions. The focus in this type of learning is to 
provide the students with problem scenarios so that they can learn through a process of action and 
reflection. The purpose of this paper is to contribute to the debate on the best pedagogical approach 
to developing engineering undergraduate skills to meet the requirements of contemporary complex 
working environments. The work proposes to make an original contribution by directly interfacing with 
industry in order to simulate a real-life entrepreneur interaction for the students. Finally I argue that 
this work contributes new insights to the debate on “pedagogies of engagement”. 
INTRODUCTION 
This paper will provide an example of using student-entrepreneur collaboration in the teaching of a 
module “Innovation and Enterprise” to Mechanical Engineering Level 8 final year students at the 
Galway-Mayo Institute of Technology (GMIT). The Accelerating Campus Entrepreneurship Initiative 
(ACE 2014) is a partnership between a number of Institutes of Technology and Universities in Ireland. 
The aim of the ACE project is to create entrepreneurial graduates through a collaborative approach. 
This work addresses one of the main objectives of the program. 
Targeted Action 3: Embedding Technology Entrepreneurship into Engineering Education, 
leveraging of non-curriculum activities from incubation/technology transfer offices. 
According to Boud and Feletti (1998) “problem-based learning is the most significant innovation in the 
area of education for the professions in many years” (p. 1).  The focus in this type of learning is to 
provide the students with problem scenarios so that they can learn through a process of action and 
reflection (Savin-Baden 2003). However some scholars argue that design “is hard to learn and harder 
still to teach”(Dym et al. 2005). Furthermore organizations, such as Engineers Ireland, are calling for 
graduate engineers to have more rounded skills in the areas of presentation, communication and 
team-working (Engineers Ireland 2013).  This paper builds on design thinking (Cross 2000, Otto and 
Wood 2001, Ulrich and Eppinger 2000) and brings it to a new level by directly interfacing with an 
entrepreneur and simulating a real-life entrepreneur interaction for the students. The purpose of the 
work is to contribute to the debate on the best pedagogical approach to developing undergraduate 
skills to meet the requirements of contemporary complex working environments. The study is being 
carried out in the second semester 2013/2014 with twenty five students in the Mechanical 
Engineering level 8 Product Design stream. Ms Laura Taylor, entrepreneur and founder of Adventure 
Sports Innovations Limited (ASI 2014) challenged the class with a design problem and met with the 
student teams in January 2014 at the beginning of the semester. The students will present their 
solution and business plan to Laura and their Lecturer at the end of the semester. Figure 1 shows a 
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According to Luryi et al. (2007), engineering programs increasingly endeavor to include 
entrepreneurship and innovation in their curriculum. The environment of engineering they contend has 
radically changed in the last decade driven by advances in information and communications 
technology. Furthermore, globalization of manufacturing and R&D (research and development) has 
had a significant impact on how engineers work. Among their recommendations is that engineering 
programs “should involve hand-on business experience based on innovating engineering projects” (p. 
T2E-15). A review of major journals in the area of engineering education using the search word 
entrepreneurship yielded the following results.  The Journal of Engineering Education (JEE) had 
fourteen publications on the subject of entrepreneurship from 2001 to 2009 while the European 
Journal of Engineering Education (EJEE) had ten publications on entrepreneurship from 2000 to 
2012. Table 1 outlines the main contributions from a number of publications that are relevant for this 
study. 
Table 1: A summary of relevant papers from the literature 
Authors Journal Summary of the main argument from the paper 
(Ohland et al. 2004) JEE Entrepreneurship programs add value to students 
(Creed et al. 2002) JEE Paradigm Shift required: merger of classroom learning and 
industry participation 
(Mendelson 2001).  JEE Proposes joint projects between engineering and business 
students 
(Silva et al. 2009). 
 
EJEE Teaching product development in an entrepreneurship framework 
promotes students skills 
(Papayannakis et al. 
2008) 
EJEE Entrepreneurship teaching should be part of a more general 
discussion related to educational priorities 
(Casar 2000). EJEE Proposes a synergy between research and education 
The literature summary in table 1 supports the argument of this paper that direct collaboration 
between an entrepreneur and students has a strong pedagogical basis. However any review of the 
literature must be cognisant of the words of Cooney and Murray (2008) that the debate continues on 
“whether or not entrepreneurship can be taught” (p. 19) 
Now we will argue that the work of Donald Schön can provide a theoretical framework in which to 
position this study. 
Theoretical Framework:  reflective practice 
Donald Schön’s (1983) publication of The Reflective Practitioner is regarded as a seminal work in the 
debate on the benefits of reflection for practice and research. In the book he criticises the prevailing 
academic epistemology as having nothing to offer either practitioners “who wish to gain a better 
understanding of the practical uses and limits of research-based knowledge” or scholars “who wish to 
take a new view of professional action”. Schön begins with the assumption that “competent 
practitioners usually know more than they can say” and that they exhibit “a kind of knowing in 
practice, most of which is tacit”. Furthermore in disciplines such as medicine, management, and 
engineering, his experience was that professionals were exhibiting “a new awareness of a complexity 
which resists the skills and techniques of traditional expertise”. Schön laments that the seeds of 
Positivism were firmly planted in the curricula of American universities and professional schools; a 
factor which he argues has contributed significantly to the contemporary fissure between research 
and practice. Furthermore he concludes that the present difficulty in accommodating contemporary 
phenomena such as “complexity, uncertainty, instability, uniqueness, and value conflict” stems from 
the positivist origins of technical rationality. He proposes the primacy of problem-setting over problem-
solving for practitioners.  Problems-setting he defines as an interactive process in which “we name the 
things to which we will attend and frame the context in which we will attend to them”. The perennial 
dilemma of rigour and relevance is presented using the analogy of a hilly landscape. He describes the 
“high hard ground” as the place where practitioners can effectively apply research-based theories and 
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Step 6: The class project teams present their design solutions and business plans to the entrepreneur 
and lecturer through oral presentation and a project report (in the form of a business case). 
Distribution of marks is the responsibility of the lecturer who, however, takes into account feedback 
from the entrepreneur on the quality and relevance of each project. The project deliverables include 
such items as: a set of working drawings, computer-aided design (CAD) models and/or renderings. 
An artifact such as a mock-up of the design in cardboard or other materials is encouraged but not 
mandatory. This early development of an artifact is now sometimes called preto-typing in the literature 
and also referred to as “fake it before you make it”. The business case will cover expected areas such 
as industry analysis, marketing plan, supply chain plan, financial plan and assessment of risk.   
Step 7: Reflection and feedback from the students is built into the module review process. In the 
week 12 class of the module each student is required to do an assessment of their own contribution to 
the project. The rationale used for this is based on the lecturer’s experience (twenty years as an 
engineering practitioner) of having to complete end of year reviews. This feedback is important for the 
lecturer who is continually endeavouring to improve the module content and process year-on-year. 
Each team project is assessed and the same mark given to all students in a project team with 10% of 
the module marks for the presentation and 30% for the business plan. Typical project assessment 
criteria are outlined in table 2.  
Table 2: typical project assessment criteria 
Presentation: is the idea presented clearly, in an easy-to-understand format? 
Innovation: What is unique about your product/service? 
Market: Is there evidence of  a substantial market? 
Feasibility: Can the market be “won”. What level of investment is required?   
Technical Content : level of technical detail or unique knowledge in case of service 
Other factors which are taken into account include and may affect individual student’s grade. 
• Attendance at weekly lecture/lab /team meetings 
• Teamwork and contribution 
• Construction of an Artifact (alpha model) 
This section has outlined the seven step process used to simulate a real-life entrepreneurial 
experience for undergraduate mechanical engineers in their final year product design stream. Now I 
will describe some of the conclusions resulting from the work.  
 
Conclusions 
There were a number of learning experiences in this study: primarily by the students but also by the 
lecturer and the industry partner. Furthermore the project demonstrated the following learning 
outcomes: 
• The module structure, described in this paper, has embedded entrepreneurial learning in the 
department of mechanical/industrial engineering. 
• Working with the entrepreneur is a novel pedagogical approach that fosters entrepreneurial 
thinking and behavior among the students. 
• Key stakeholders (in this case the manager and staff of the IiBC) have been persuaded to 
engage in the learning process. The manager has been very supportive of the process as it 
meets one of his remits: to involve the IiBC with the main GMIT campus. 
• The project meets Targeted Action 3 of the ACE program as outlined in the introduction 
above.  
This paper has limitations as it reports briefly on the students experience but future work intends to 
expand this and focus on the practitioner learning as well. Furthermore, as this paper was completed 
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before the end of the semester there was not enough time for important data to be analyzed. From an 
initial analysis of the feedback in step 7, reaction to the project was positive as the students 
appreciated the opportunity to work in a simulated environment similar to what they would encounter 
in industry. Students were particularly pleased that their work might be implemented in a real-world 
product and not just be archived as another class project. The author intends to develop the concept 
of simulation-based learning as an enhancement of problem-based learning and this paper aims to 
support this objective. Comments and constructive criticism will be welcomed. Finally we argue that 
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